Objective: Endometriosis is a chronic, estrogen dependent condition that affects 5-10% of reproductive aged women and is associated with pelvic pain and infertility. As the approach to therapy shifts from surgical ablation to pharmacological control, a non-surgical mode of diagnosis would be desirable. The ENDOmarker study was designed by the NICHD Reproductive Medicine Network (RMN) to obtain well characterized and phenotyped bio specimens in a standardized fashion from women with and without endometriosis. Design: Development of a diagnostic test. Setting: Academic medical centers. Patients: This study will enroll up to 500 participants, and follow them for up to 5 months. Included subjects are aged 18-44, scheduled to undergo gynecologic surgery (laparoscopy/laparotomy) for clinical reasons. Interventions: Presence and stage of endometriosis (or its absence) is characterized by visual examination at the time of surgery. Subjects will undergo extensive clinical evaluation pre-operatively and at visits one and four months postoperatively. Endometrial biopsy, blood, urine and disease specific questionnaires will be collected at each visit. Main outcome: Samples will be placed in a bio-repository to be used to validate and optimize the clinical use of genomic classifiers of the endometrium alone or in combination with serum cytokines as a non-surgical composite marker of endometriosis. Conclusion: This protocol can serve as a reference for objective collection of high quality bio specimens for discovery or validation of potential nonsurgical diagnosis of presence or severity of disease.
women undergoing tubal ligation [4] . The current clinical opinion is that a surgical procedure such as laparoscopy is required for definitive diagnosis of endometriosis [5] . A clinical staging system has been designed to allow clinicians to communicate effectively regarding prognosis and treatment. The American Society for Reproductive Medicine revised classification system for endometriosis (ASRM 1996) is the most widely accepted staging system [6] .
Currently, treatment for endometriosis includes 1) surgical ablation of the visible lesions in the pelvis, 2) medical suppression (with oral contraceptives or high dose progestins) or pharmacological induction of a hypo estrogenic endocrine state by stopping a woman's production of sex steroids (using a GnRH agonist), 3) inhibition of estradiol (E2) biosynthesis with aromatase inhibitors, or 4) use of selective progesterone receptor modulators. Some of these treatments, such as chronic GnRH agonist therapy, are associated with side effects such as hot flashes, genitourinary atrophy, infertility, as well as long-term consequences such as increased bone resorption leading to osteopenia [7, 8] . Moreover, these approaches run the risk of hormonal suppression therapy of women who do not have endometriosis associated pelvic pathology. It is hoped that new agents specifically targeting endometriosis may minimize systemic side effects and obviate surgical treatment [9] .
The ability to diagnose endometriosis and gauge its severity noninvasively would be of great public health and clinical benefit. A marker would potentially minimize the need for diagnostic surgery and identify women best treated medically. A non-surgical marker may identify women with earlier disease, reducing the associated chorionic inflammation, altered immune response and pelvic adhesion formation [10] .
Medical management of women with endometriosis is hampered by a lack of a biological biomarker of disease response. Currently, to assess treatment efficacy, either pain control is subjectively determined to be satisfactory, or a repeat surgical procedure is necessary to re-stage the endometriosis and determine the effect of treatment. This adds great expense and complexity to the management of endometriosis as well as to the design of clinical trials of novel therapies. Accurate and early non-invasive diagnosis would decrease morbidity, lower cost, and provide a means of earlier diagnosis for those women who are unable to access surgical care.
Identification of biomarker of disease has many pitfalls [11] . Biomarker development requires specific phases of development, extensive testing, and validation [12] . Of paramount importance is the proper collecting, storage, and phenotyping of clinical specimens [11] . The purpose of this manuscript is to present the methods, design, and analysis plan of the Reproductive Medicine Network (RMN) study entitled Evaluation, Validation and Refinement of Noninvasive Diagnostic Biomarkers for Endometriosis (ENDOmarker) study (NCT03161704) (Fig. 1) . This protocol may serve as a model for future studies to evaluate diagnostic tests for women with endometriosis.
Materials and methods
The ENDOmarker study is a multi-center longitudinal prospective cohort study designed to evaluate diagnostic test characteristic of novel methods to diagnose women with endometriosis. Study participants will be recruited from the clinics of the Reproductive Medicine Network and affiliated entities after obtaining written informed consent from the subjects. The protocol was approved by the University of Pennsylvania IRB which served as a central IRB (IRB number 821891). Recruited subjects will meet the inclusion and exclusion criteria detailed below. The primary objective of this study is to validate and optimize the clinical use of genomic classifiers obtained by endometrial biopsy alone [13] or in combination with serum cytokines as a non-surgical composite marker of endometriosis presence, stage and absence or presence of endometriosis associated uterine/pelvic pathology.
The secondary objective is to correlate change in a panel of serum markers with change in endometriosis specific health related quality of life at one month and three-four months following surgery. In addition, we plan to develop a biobank of plasma, serum, DNA, RNA, urine and endometrial tissue from the study participants, with and without the confirmed diagnosed endometriosis, to support future discovery of novel biomarkers for the noninvasive diagnostic modalities. Standards for specimen collection and data collection were modified from standards for the World Endometriosis Research Foundation (WERF) [14] [15] [16] . The overall goal of the inclusion/exclusion criteria is to identify women aged 18-44 who are scheduled to undergo gynecologic surgery (laparoscopy/laparotomy) for clinical reasons. Study will exclude women if they are pregnant, having current or past diagnosis of any malignancy, HIV-positive, having clinical evidence of active cervical infection or pelvic inflammatory disease. Subjects will undergo extensive clinical evaluation at visit one, visit two and visit three. Endometrial biopsy, blood, urine and questionnaires will be collected.
Rationale
Eutopic endometrium differs at the mRNA, microRNA, and protein levels and responsiveness to progesterone, in women with endometriosis compared to women without disease [1, 17] . Giudice and colleagues assessed if high fidelity classifiers could be developed to diagnose and stage endometriosis using margin tree analysis of genomic data derived from endometrium. They analyzed eutopic endometrium from 148 women without/with endometriosis and/or other uterine/ pelvic pathologies. A tree-like sequence of binary decisions, using specific genes, distinguished: 1) absence or presence of uterine/pelvic pathology; 2) endometriosis or no endometriosis; and 3) minimal/mild or moderate/severe disease. Best-performing classifiers diagnosed endometriosis with 90-100% accuracy, some using relatively few genes, which have high value for developing diagnostic and therapeutic targets [13] .
Serum cytokines have been evaluated as biomarker for endometriosis [18, 19] . While the individual diagnostic performance of specific markers was poor, and often contradictory, there may be promise in using markers in combination [18] . One example is the use of classification tree analysis, and a two-tiered strategy to maximize both sensitivity and specificity, resulting in good diagnostic test performance. For examples, a three-marker panel of CA-125, macrophage chemotactic protein-1, and leptin could diagnose 51% of subjects as to the presence of endometriosis with 89% accuracy. A four-marker panel of CA-125, macrophage chemotactic protein-1, leptin, and macrophage migration inhibitory factor could diagnose 48% of subjects with 93% accuracy. To be assigned a diagnosis, a subject needed to be classified as having endometriosis (or being disease free) consistently by the two classification trees. If a diagnosis can be accurately obtained with a genomic profiler (alone, or in combination with serum cytokines), then cytokines may also serve as a marker(s) of response or progression of disease.
The goal of this protocol is to obtain bio specimens for multiple concomitant purposes: 1) to validate the preliminary findings of the use of both a genomic profiler and serum cytokines in a new independent sample, 2) assess if there is increased accuracy in a combined test, and 3) to develop a bank of specimens for future studies of potential novel serum biomarkers. This proposal will both validate previous biomarkers and collect specimens for discovery of new markers.
Study population
Recruitment goal is to recruit up to 500 healthy women scheduled to undergo a gynecologic surgical procedure. Subjects will be phenotyped at the time of surgery (see below). Bio-specimens will be obtained from 150 women with diagnosed endometriosis and 150 with the absence of endometriosis. Of the women with endometriosis, the target is to have 75 women enrolled with minimal/mild disease and 75 women with moderate/severe disease. Because the presence or absence of endometriosis (and the severity) will be determined at the time of their surgery, the plan is to recruit > 300 women to ensure that there are the desired numbers in each of the outlined sub groups. It is possible that all anticipated sub-population will be identified before 500 subjects are enrolled.
Procedures
Endometrial biopsy tissue, serum, plasma, whole blood and urine will be collected (Fig. 1) . A disease-specific questionnaire regarding health-related quality of life will be completed by women who will be diagnosed as having (or not having) endometriosis at the time of their scheduled surgery. Bio specimens will be collected prior to, or at the time of surgery (visit 1). The patients will then undergo planned surgical procedure when the presence or absence of endometriosis is confirmed. Collection of health-related quality of life and bio specimens will then be repeated one month (visit 2) and three to four months postsurgery (visit 3).
Informed consent can be obtained in a separate visit, or in conjunction with visit 1. Visit 1 can be conducted as a standalone outpatient visit or at the time of scheduled surgery. Visit 1 consists of two components, completion of questionnaires (part A) and, collection of bio specimens including endometrial sampling (part B). If not conducted concomitantly, Part A may occur up to 60 days prior to Part B. Part B can occur up to 90 days prior to the Day of Surgery visit ( Table 2) .
Collection of historical data (part A) consists of a medical history, including a detailed gynecological history pain scale and quality of life (QOL). Questionnaires were modified from the WERF Endometriosis Phenome and Biobanking Harmonization Project (EPHect): EPHect Patient Questionnaire -Standard (EPQ-S).
The biospecimen collection is preferably collected on Days 6-12 of the participant's menstrual cycle, ideally closer to Day 12 as there will be more tissue the later in the range the biopsy occurs. If the biospecimens can't be reasonably collected in that time window, the samples may be collected on cycle days 18-25. The collection must occur no > 90 days before the phenotyping at the time of planned surgery.
Phenotyping
All women will be characterized with regard to stage of menstrual cycle and LMP. Hormonal assays and endometrial histology will be used to determine specimen phenotype.
At the time of the planned surgery, all women will be characterized as to the presence or absence of endometriosis (using the revised ASRM staging system [6] by visual inspection (documented with photographs). Concomitant pathology (fibroids, ovarian cyst, adenomyosis, hydrosalpinx, or other) will also be documented based on the findings at the time of surgery. The locations, extent, and severity of adhesions will also be documented. Any therapy (ablation, resection or other) will be documented. This study will have no influence on the planned surgical procedure or future therapy.
Visit 2 and visit 3 are scheduled based on the date of the surgery. These visits will preferably occur on day 6-12 of the participant's menstrual cycle. Visit 2 is scheduled 4 weeks (plus or minus 14 days) after the Day of Surgery Visit. Visit 3 is scheduled 12-16 weeks, plus or minus 4 weeks after the Day of Surgery Visit. Bio specimens, (Serum, plasma, urine and endometrial sampling), pain scale and quality of life questionnaire (QOL) will be administered in the same fashion as visit 1. Endometrial sampling is only repeated at visit 3 (Fig. 1) . If the bio 
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specimens can't be reasonably collected within the time frame of cycle day (CD) 6-12, the samples may be collected on CD 18-25.
Sample collection
Endometrial tissue will be collected by SOPs [14, 20, 21] and will be divided into up to three specimens depending on amount. A portion is snap frozen in liquid nitrogen, and a portion will be placed in formalin and embedded in paraffin for histologic evaluation and dating, and harmonization with serum progesterone levels. Phlebotomy is preformed to obtain samples of serum and plasma (total of 30 cm 3 of blood). Urine (40-50 mL) is obtained with clean-catch technique.
Study questionnaires

Standards recommended by the World Endometriosis Research Foundation (WERF) Endometriosis Phenome and Biobanking
Harmonization Project (EPHect) will be applied to standardize surgical phenotype [20] , clinical phenotype [22] as well as tissue and fluid collection and processing [20] . Participants will complete the Endometriosis Health Profile (EHP-30), which was developed in the UK [23, 24] and validated in the USA [25] .
Sample size
The sample size requirements for identifying important biomarkers should proceed by evaluating precision of the true positive rate (TPR) and false positive rate (FPR). Assuming the sensitivity of the marker cutoff (individually or in combination) is p = # test positive/n, where the sample size (n), number of women diagnosed with endometriosis i.e. cases, necessary to estimate p with precision ± L is given by the formula n = Z*Zp(1-p)/(L*L), [22, 26] . Here Z corresponds to the correct percentile of the standard normal distribution, here we assume Z = 1.96 to correspond to a 95% confidence interval(CI). Therefore, assuming a 90% sensitivity of the diagnostic test, and a very precise 95% confidence interval of ± approximately 5.0% (i.e. 90% with a 95% CI of 85% -95%) we would need 139 cases of endometriosis and the same number of controls. We will round up to obtain 150 in each group.
A total of 150 cases and 150 controls is a relatively large number of potential participants, and this sample size will allow us to estimate the sensitivity and specificity of a potential diagnostic test for endometriosis with good precision. In the event that the sensitivity was lower, the precision of our estimate would still be within 10%, L = 0.1. (Table 1) .
Statistical analysis
The putative molecular markers will be evaluated as potential diagnostic markers with a focus on discriminative ability (sensitivity, specificity and predictive value). Several candidate markers can be examined simultaneously by a variety of methods, such as Classification and Regression Trees (CART) analysis [27, 28] . Change in markers will be correlated with change in score of health-related Quality of Life (QOL) questionnaire at baseline, 1 month and 3-4 months after surgery.
Expected recruitment
Preliminary data demonstrate that > 90% of patients undergoing laparoscopy for pain and/or infertility and 75% of patients scheduled to undergo laparoscopic tubal ligation will agree to participate. From past experience of women undergoing laparoscopy for infertility or pelvic pain 70% had evidence of endometriosis and 25% definitively did not. Past experience has also suggested that the division in terms of severity of endometriosis will not be equal. In the one study 66% had minimal/ mild disease and 34% were diagnosed with moderate/severe disease [18] . In the second study 33% had minimal/mild disease and 67% were diagnosed with moderate/severe endometriosis [13] .
A 1/3, 2/3 distribution (in either direction) would require enrollment of 225 women with endometriosis (75 and 150 in each group). Assuming 50% of women approached have endometriosis and 5% cannot be classified as to disease status, we estimate the need to enroll approximately 474 subjects. For convenience, the estimated total number of women has been rounded to up to 500. Actual enrollment will be monitored in real time and we will stop enrollment when desired strata are filled with the desired sample size.
Discussion
The noninvasive diagnosis of endometriosis is an optimal use of a biomarker. A predictive biomarker would minimize the need for a surgical diagnosis and its inherit morbidity. Availability of a biomarker would also reduce the number of women without endometriosis who might be empirically treated with medical therapy with associated side effects. Additionally, a marker that would indicate disease severity or response to treatment could potentially aid in titration of dose and duration of therapy.
The identification and development of a biomarker is complex and has distinct phases [12, 13, 29, 30] . The first phase is that of a preclinical exploration to identify promising markers. The second phase is the establishment of a clinical assay to be used on a larger scale study. Phase III is testing the utility of the biomarker often with a longitudinal or retrospective cohort [12, 29, 31] . Important components of biomarker development are standardized bio-specimen collection and handling, accurate phenotyping, transparent reporting of data and validation of results. Complete and accurate reporting is necessary to enable readers to assess the potential for bias in the study and to evaluate the generalizability of the results. This study was designed to fulfill the STARD (Standards for Reporting of Diagnostic Accuracy) statement to improve reporting the quality of studies of diagnostic accuracy [32] .
This protocol was informed by the WERF (EPHect): which was designed to harmonize and standardize the collection of data relevant to large scale collaborative for research in endometriosis. This project gave guidance to collection of clinical data, phenotyping, as well as standard operating procedures (SOPs) for bio specimen collection, processing and storage [14] [15] [16] 20, 33] . The protocol attempts to balance the key components of comprehensive data collection, while maintaining feasibility and minimizing the time commitment required by the participant and the study team. The WERF short forms were used to document clinical data, medication use and quality of life. SOPS were modified to minimize complexity and included collection of endometrium and serum to be used for pre-specified analysis while also aliquoting and banking endometrium, serum, plasma and urine for future use.
The study was also designed to minimize burden to the participant. Endometrial sampling was offered as part of a separate pre-operative visit, or as part of the planned surgical procedure. Allowing collection of the endometrial tissue at preoperative visit aided in collation of the specimen within the desired proliferate phase of the cycle if the surgery cannot be scheduled within the desired menstrual cycle phase. Collection at the time of the planned surgery minimizes discomfort related to the endometrial samples, as it is performed after induction of anesthesia but before the start of the planned operative procedure. Diagnosis of endometriosis will be made with visual inspection using ASRM staging and does not require biopsy of affected areas, so that standard of care will not be affected by requiring surgical procedures outside the scope of the planned procedure. Confirmation of endometriosis, or its absence, will be documented with represented photographs. Phenotyping will be performed in a standardized fashion at the time of the surgery or based on operative report with assistance of the surgical team.
This study is designed to be pragmatic. There are very few exclusion criteria so that a large number of women may be included and phenotyped based on presence or absence of disease while collecting information regarding prior history and medication use. Therapy of endometriosis will not be dictated in the protocol, will be left to the discretion of the clinical team, and will be documented.
This study design allows post hoc stratification of samples based on phenotype rather than only including women with desired disease characteristics. A larger number of women will be enrolled than the desired sample size as all subjects may not contribute a "usable" bio specimen. For example, some women may have equivocal finding of disease and would not be chosen as a case or a control. Additionally, the overall sample size is sufficiently large so subsets might be evaluated, such as women naive to hormonal therapy or those with (or without) concomitant gynecologic pathology such as ovarian cyst or uterine leiomyoma.
It is recognized that finding from this protocol will be preliminary and will need to be validated in other populations as novel biomarkers may perform differently in other populations. Moreover, care must be taken to account for the effect of confounding factors such as result difference between assay batches, the effect from concomitant gynecologic pathology or prevalence of endometrioses in the subpopulations analyzed as well as Type I error [11] .
Endometrial samples and serum will be collected to validate genomic classifiers and cytokine concentrations in the nonsurgical diagnosis of women with endometriosis. However, samples of serum, plasma, DNA, RNA, urine and endometrial tissue will be stored in a bio repository for potential use in the future in nonbiased proteomic or genomic approaches for discovery. This bio-repository will serve as a valuable resource for future collaboration with other scientists.
Conclusion
Diagnosis and treatment of endometriosis have always been primarily surgical. However, laparoscopic diagnosis of endometriosis is still inaccurate, The ENDOmarker study is designed to obtain well characterized and phenotyped biospecimens in a standardized fashion from reproductive aged women with and without endometriosis to be used to validate and optimize the clinical use of genomic classifiers obtained by endometrial biopsy alone or in combination with serum cytokines as a non-surgical composite marker of endometriosis.
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